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SPECIFICATIONS 

1. Title of Invention 
Alkaline Zinc Storage Battery 

2. Scope of Claims 

1) An alkaline zinc storage battery wherein the main ingredient of the active 
material for the negative electrode is at least one type of zinc oxide or metallic zinc, 
and an additive consisting of at least one type selected from an oxide or hydroxide 
of a metal with an oxidation reduction potential higher than that of zinc, and 
strontium hydroxide are added thereto. 

2) The alkaline zinc storage battery as set forth in Claim 1 wherein the added 
amount of strontium hydroxide is 1 to 10% by weight the total volume of the active 
material for the negative electrode, the additive, and the strontium hydroxide. 

3 . Detailed Description of Investment 
(Field of Industrial Use) 



The present invention is related to an alkaline zinc storage battery such as a 
nickel - zinc storage battery, or silver - zinc storage battery, or the like, which uses zinc 
oxide or metallic zinc as the active material for the negative electrode. 
(Prior Art) 

The zinc used as the active material for the negative zinc electrodes of the 
aforementioned alkaline zinc storage batteries is highly beneficial since it possesses a 
high energy density per weight unit and is relatively inexpensive. Nevertheless, at the 
time of discharge zinc is emitted into the alkaline electrolyte to produce a zinc ion Zn 
(OH) 4 2 " which electro crystallizes dendritic or spongy shaped crystals (hereinafter 
referred to as "dendrites") on the surface of the zinc electrode. The electro crystallized 
zinc passes through the separator to come in contact with the other electrode and cause 
an internal short circuit. This leads to a significantly shorter cycle life for the battery. 

In order to eliminate the abovementioned adversity caused by the electro 
crystallized zinc, and improve the zinc electrode and cycle life of the battery, 
hydroxides of alkaline earth metals, such as magnesium hydroxide, barium hydroxide, 
or the like, are added to the active material of the negative electrode. This method was 
well publicized in Japan Patent Publication No. 48 - 27099. The addition of these types 
of hydroxides causes the zinc ion emitted into the electrolyte at the time of discharge to 
immediately react with the hydroxide, and adhere inside the negative electrode. This in 
turn inhibits the amount of free zinc ion in the electrolyte and prevents the formation of 
zinc dendrites at the time of charging. 

Nevertheless, under this method a large amount of alkaline earth metal 
hydroxide must be added to the active material of the negative electrode in order to 
effectively prevent the growth of zinc dendrites. This in turn encourages a reduction in 
capacity for the zinc electrode. 

As such, Japan Patent Publication No. 54 - 9696, and the like, have proposed 
methods in which metals with higher oxidation reduction potentials than zinc, such as 
cadmium, lead, indium, tin, and the like, or the hydroxides thereof, are added together 
with calcium oxide to the active material of the negative electrode. Under these 
proposed methods, the addition of the aforementioned metals or the hydroxides thereof 
increases the capacity coefficient, while the action of the calcium hydroxide inhibits the 
growth the dendritic electro crystallized zinc. This prevents reduced capacity and 
extends the cycle life of the battery, making it possible to maintain zinc electrode 
capacity over the long term. 

(Issue Addressed by Invention) 

Nevertheless, while these methods, which call for the addition the 
aforementioned metals or the like and calcium hydroxide, extend the life cycle of the 
battery by preventing reduced capacity, during a high rate electrical discharge cycle the 
active material particles in the negative electrode enlarge and concentrate on the surface 
of the zinc electrode, causing the active material to breakup and preventing a 
sufficiently long cycle life. 

(Means Adopted to Address Issue) 

In the alkaline zinc storage battery of the present invention the main ingredient 
of the active material for the negative electrode is at least one type of zinc oxide or 
metallic zinc, and an additive consisting of at least one type selected from an oxide or 
hydroxide of a metal with an oxidation reduction potential higher than that of zinc, and 
strontium hydroxide are added thereto. 



The aforementioned metal with an oxidation reduction potential higher than that 
of zinc may include cadmium, lead, indium, tin, or the like, and will produce the same 
effect whether added as an oxide or a hydroxide. 

The added amount of strontium hydroxide should be between 1 and 10% the 
weight volume of the active material for the negative electrode and all additives (the 
additive consisting of at least one oxide or hydroxide for the aforementioned metals, 
and strontium hydroxide). At less than 1% by weight the desired effect of strontium 
hydroxide is insufficient, while at more the 10% by weight, the amount of strontium 
hydroxide not contributing to the reaction increases and causes a reduction in capacity. 
(Effect) 

Strontium hydroxide is a material that does not contribute to the cell reaction in 
the alkaline zinc storage battery, and is micro soluble in water. This strontium 
hydroxide thought to inhibit the growth of zinc dendrites and effectively work to 
maintain capacity during high rate electrical discharge cycles. Namely, the ease at 
which the particles enlarge in the active material in the negative electrode of the zinc 
electrode during a high rate electrical discharge cycle is thought to be caused by the 
concentration of voltage, in other words the high reaction speed of the electrical 
discharge. The electrical discharge reaction in zinc is as shown in the following 
reaction formula: 

Zn + 20H " Zn (OH) 2 + 2e 
As such, the supply of hydroxide ions does not follow the location at which the 
electrical discharge reaction is concentrated, and as such the pH of the electrolyte 
declines locally. As such, small amounts of strontium hydroxide, at the right side of the 
collimation shown in the following formula, dissolve in at the locations in which pH has 
declined. 

Sr (OH) 2 = Sr 2 + + 20H- 
In addition, when electrical discharge growths increase with progression of the 
electrical discharge, the concentrating of the current is relaxed and pH returns to its 
original value. At the same time, the strontium ions dissolved in the electrolyte at the 
right side of the collimation of the preceding formula are deposited and incorporated in 
the active material. 

Under this type of mechanism, the matter not contributing to the reaction, the 
strontium hydroxide, is taken into the location at which the electrical current of the zinc 
electrode is concentrated, and the action of this strontium hydroxide is thought to inhibit 
the enlarging of the active material particles in the negative electrode. In addition, the 
strontium hydroxide does not easily react with zinc, harden and concentrate on the 
surface of the zinc electrode like calcium hydroxide does. 

The additive which contains at least one type of oxide or hydroxide of a metal 
with a higher oxidation reduction potential than zinc, increases the utilization capacity 
of the zinc electrode, and works to maintain the capacity of the zinc electrode over a 
long term cycle. 

(Example Embodiments) 

As shown in Table 1, we added poly tetra fluoro ethylene as a binding agent to 
mixtures A through E which contained metallic zinc as the active material for the 
negative electrode and indium hydroxide or the like as additives. Water was added to 
the mixtures which were kneaded, mixed, and then pressure rolled into sheet using a 



roller. These sheets had collector plates measuring 5 cm long by 4 cm wide pressure 
adhered thereto, and were then desiccated to produce zinc electrodes A through E. 

Table 1 





Zinc Oxide 


Zinc 


Additives 


Indium Hydroxide 


Other 


A 


80% 


10% 


5% 


Magnesium Hydroxide 5% 


B 


80% 


10% 


5% 


Calcium Hydroxide 5% 


C 


80% 


10% 


5% 


Strontium Hydroxide 5% 


D 


80% 


10% 


5% 


Barium Hydroxide 5% 


E 


85% 


10% 


5% 





The four units each of the five types, A through E, of zinc electrodes produced 
in the foregoing manner, were prepared, combined with three units each of a 
conventional nickel electrodes having the same dimensions, a micro porous film, and a 
separator consisting of a non-woven nylon fabric to produce nickel zinc storage 
batteries A through E (nominal capacity of approximately 2 Ah). 

Nickel zinc storage batteries A through E were subjected to charging and 
discharging cycles which called for a five hour of charging at 500 mA, followed by an 
electrical discharging at 4 A until the battery current fell to 1.3 V, and this cycle was 
repeated until battery capacity fell to 1.5 Ah. The number of cycles at that point in time 
was then set as the cycle life of the respective batteries. The results of this testing are 
shown in Table 2. The number of cycles shown in Table 2 represent the average cycle 
life for eight of the ten test batteries prepared for each of nickel zinc batteries A through 
E, dropping the highest and lowest values. 

Table 2 

Cycle Life (4) 



A 258 

B 201 

C 385 

D 295 

E 260 



As illustrated by the foregoing Table, the cycle life for the battery incorporating 
the zinc electrode with strontium hydroxide added thereto was markedly longer than the 
cycle lives for the other batteries. This indicates that strontium hydroxide improves 
cyclical characteristics in high rate electrical discharge cycles. 

As such, it can be extrapolated that the fact that only strontium hydroxide 
contributed to the improvement of characteristics in high rate electrical discharge cycles 
is closely related to the solubility product. The solubility products (K sp) for the 
magnesium hydroxide, calcium hydroxide, strontium hydroxide and barium hydroxide 
used in our testing are shown in Table 3. 

Table 3 

Solubility Product (K sp) 
magnesium hydroxide 1 .8 x 1 0 " u 

calcium hydroxide 5.5 x 1 0 * 

strontium hydroxide 9 x 10 A 

barium hydroxide (Easily Soluble) 



Of these four types of hydroxides, the solubility product for magnesium 
hydroxide was very high, and as such the material not contributing to the reaction 
retained the same particle shape as at the time of the production of the electrode and did 
not dissolve into the electrolyte, which is suppose to supply hydroxide ions. As such it 
does not contribute to the improvement of cyclical characteristics during high rate 
electrical discharges. In addition, the solubility product for the calcium hydroxide was 
also extremely high, and while it did work to supply hydroxide ions into the electrolyte, 
it reacted with the zinc ions produced in the electrical discharges, and concentrated on 
the surface of the zinc electrode, causing the active material for the negative electrode to 
easily separate from the collector. This conversely worsened the cyclical characteristics 
of the battery. Furthermore, barium hydroxide is easily soluble, and while it acts to 
supply hydroxide ions into the electrolyte, for some reason which is still unknown, it 
does not markedly contribute to the improvement of cyclical characteristics during high 
rate electrical discharges. Based on the above reasoning, we believe that strontium 
hydroxide contributes to the improvement of cyclical characteristics during high rate 
electrical discharges. 

Next we examined the preferred additive volumes for the strontium hydroxide, 
and prepared zinc electrodes which respectively contained strontium hydroxide content 
of 0, 0.5, 1, 5, 10, 15 and 20 percentage by weight to the total volume of the active 
material for the negative electrode consisting of zinc oxide and metallic zinc, the indium 
hydroxide and the strontium hydroxide. These were combined with conventional nickel 
electrodes to produce nickel zinc storage batteries with nominal capacities of 
approximately 2 Ah. These batteries where then subjected to charge and discharge 
cycle life testing under the same terms and conditions as discussed above, to determine 
the cycle lives thereof. As illustrated in the attached Figure, we determined the 
effective content volume of the strontium hydroxide additive to be between 1 and 10% 
by weight. At less than 1% by weight the desired effect of strontium hydroxide is 
insufficient, while at more the 10% by weight, the amount of strontium hydroxide not 
contributing to the reaction increases and causes a reduction in capacity. 
(Result of Invention) 

As explained above, the alkaline zinc storage battery of the present invention 
effectively prevents the enlarging of particles in the active material of the negative 
electrode during high rate electrical discharge cycles, and produces a sufficient cycle 
life even against high rate electrical discharges. 

4. Brief Description of Drawings 

The attached drawing is a graph that illustrates the relationship between the 
amount of strontium hydroxide added and the cycle life of the battery. 

Drawing 

Vertical axis: Cycle Life 

Horizontal axis: Amount of Strontium Hydroxide Added (Weight %) 
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